INTRODUCTION
Osteoporosis is an important public health problem and results in approximately 1.6 million fractures each year in the United States 1 . The direct costs of osteoporosis-related fractures in 2005 were estimated at more than 19 billion dollars 2 . Although historically considered a disease of women, approximately 20% of fractures occur in men 1 . Fracture rates among Caucasians are higher than for other racial and ethnic groups 3, 4 ; however, the prevalence of osteoporosis among non-Caucasians is expected to increase at a faster rate than for Caucasians as the population ages 2 . Outcomes following fracture are worse among men and non-Caucasians compared to Caucasian women 5 . Previous research has suggested that disparities in the evaluation and management of osteoporosis exist for high-risk patients. For example, one study showed that African Americans with prior fracture were 83% less likely to be treated with prescription medications compared to Caucasian women 6 . The challenge with studies focused on sex and racial disparities is that osteoporosis risk assessment in the absence of bone mineral density (BMD) testing is problematic since men and African-American women on average have higher bone mineral density than Caucasian women 7, 8 . For that reason, previous investigations of osteoporosis disparities generally have been limited to high-risk groups: persons with prior fragility fractures or using certain medications (e.g., glucocorticoids). In the absence of these two strong risk factors, fracture risk assessment has historically required use of central dualenergy X-ray absorptiometry (DXA) 9 . However, recent population-based US data have shown that a minority of patients age ≥65 have undergone DXA testing 10 . Only 31% of Caucasian women, 17% of African-American women, and fewer than 5% of men over age 65 have undergone such testing. Therefore, DXA is infeasible as a requirement to screen large populations 11, 12 .
Strategies to quantify fracture risk based only on clinical risk factors have been proposed 13, 14 . The newest of these fracture risk assessment tools from the World Health Organization (WHO) is called FRAX and, even without BMD, can validly estimate the 10-year absolute risk for hip and major fracture (i.e., hip, clinical vertebral, forearm, humerus) 15 .
Many large health-care organizations (e.g., Kaiser Permanente, the Veterans Administration) have access to the clinical data required by FRAX. Physicians with access to state-of-the-art health information technology systems also could apply this approach in a semi-automated fashion to risk-stratify their patients. Higher risk patients would be prioritized for further osteoporosis evaluation (including BMD testing) and more aggressive quality improvement efforts. Using data from a large US cohort of African-American and Caucasian men and women, we (1) assessed the impact of using commonly available clinical data to evaluate fracture risk estimated by FRAX (without BMD) and (2) evaluated possible gender-and race-associated osteoporosis treatment disparities in accordance with revised National Osteoporosis Foundation (NOF) recommendations based on FRAX 16 .
METHODS

Study Population
The REasons for Geographic And Racial Differences in Stroke (REGARDS) study is a National Institutes of Health-funded, population-based cohort study. REGARDS is the parent for several ancillary studies, including one specifically focusing on fracture risk that collected osteoporosis-related information. Potential REGARDS participants were recruited from across the US from January 2003 through October 2007 without respect to stroke risk 17 . Participants were randomly selected from commercially available lists obtained from credit-reporting services and were contacted using a combination of mail and telephone. The only inclusion criteria were age ≥45, race (African American/Caucasian), and geography. Approximately 20% were recruited from the stroke belt buckle (coastal plain region of North Carolina, South Carolina, and Georgia), 30% from stroke belt states (the remainder of these states, plus Alabama, Mississippi, Tennessee, Arkansas, and Louisiana), and the remainder from the other 40 contiguous states. Potential participants were ineligible if they were undergoing treatment for active cancer, resided in a nursing home, had severe cognitive impairment, or had medical conditions that precluded long-term participation. The proportion of households contacted with an eligible person who agreed to participate was 45.3%. Baseline data were collected via computer-assisted telephone interview. An in-home visit subsequently collected physical measurements, blood pressure, and blood and urine samples. Participants retrieved bottles of all prescription and over-the-counter medications taken within 2 weeks of the in-home visit. These medications were recorded, confirmed, and later classified by registered pharmacists. Follow-up phone contact was made at 6-month intervals in order to collect additional data and to identify suspected events (e.g., fracture). Participants gave informed consent for the study, which was approved by the Institutional Review Boards at participating institutions.
Assessment of Osteoporosis Risk Factors and Associated Medication Use
The main demographic factor of interest was self-reported race (African American or Caucasian). The risk factors needed by FRAX were collected and assessed as: alcohol (≥3 units per day), BMI measured at the in-home visit, and smoking (current, past, or never). Previous fracture was assessed using the validated question "Please tell me which bones you have broken, fractured, or crushed since the age of 45?" 18 . Parental history of fracture was assessed as, "Did your mother or father break or fracture their hip after age 35?" Falls were assessed via a question asking how many times they had fallen in the previous 6 months. Medications of interest included oral glucocorticoids and osteoporosis medications (i.e., alendronate, risedronate, ibandronate, teriparatide, raloxifene, and calcitonin).
A-priori, we selected other factors potentially related to fracture or the likelihood of receiving osteoporosis treatment. These factors included age, sex, region (stroke belt, stroke buckle, other), annual income (<$25 thousand (k), 25-35 k, 35-75 k, or >$75 k), education (<high school, high school, some college, college degree), and medical insurance. We also considered several general health variables: the Study Short Form-12 (SF)-12 mental component summary scale (MCS), the SF-12 physical component summary scale (PCS), SF-12 overall general health (poor, fair, good, very good, excellent), perceived stress scale (PSS), and the Center for Epidemiologic Studies Depression (CESD-4) scale (normal <4 versus depressed ≥4) 19 . Diabetes, heart disease, prior stroke, and dyslipidemia were examined as potential confounders (definitions per Appendix). At the time of this report, 24,783 REGARDS participants had provided relevant information and completed the in-home examination, and they were included in these analyses.
Assessment of Fracture Risk using FRAX and Clinical Risk Factors
In 2008, the WHO published a novel approach to fracture risk assessment. They evaluated more than 60,000 persons participating in large cohort studies and created a risk prediction model that provides patient-specific estimates of the 10-year risk for hip fracture and major fracture (hip, clinical vertebral, wrist/forearm, or humerus fracture). A race-specific calculator that provides these risk estimates is available in a simple Internet tool called FRAX 20 . FRAX integrates multiple clinical risk factors plus BMD testing, or if not available, body mass index (BMI) 15 . The NOF recommended thresholds for intervention with prescription osteoporosis therapies based upon FRAX 16 . These data were generated based upon cost-effectiveness analyses 21 , which are likely to be country-specific. The NOF recommends that persons who have a ≥3% 10-year risk for hip fracture, or >20% 10-year risk for major fracture, receive a prescription osteoporosis medication 16 . In our study, US-based, race-specific estimated fracture risk was calculated by FRAX using a computer program that provided each of the FRAX risk factors described above to the FRAX web site, and we obtained the results for the 10-year predicted risk for hip and major fracture.
Statistical Analysis
Differences in demographics and fracture risk factors within each race/sex group were examined across geographic region. There were no clinically significant differences in the distribution of risk factors by region, so data were aggregated. We evaluated the proportion of persons recommended for treatment by the NOF using various estimated 10-year hip fracture risk cutpoints to determine the ability of FRAX to risk-stratify patients within various race/sex/age groups. Multivariable logistic regression was used to describe the relationship between the use of an OP medication (modeled dichotomously as the outcome of interest) and FRAX-estimated fracture risk (modeled as a continuous variable) as the main independent variable 22, 23 . Although FRAX includes age, sex, and race, these factors were included in the model to determine whether participants were more or less likely to receive treatment for OP based upon these factors, independent of predicted fracture risk. We further fit incremental logistic regression models to determine the influence that additional groups of potentially confounding covariates might have on the relationship between use of OP medications and race, including variables described above to maximally control for confounding. We initially ran a bivariate logistic regression model, then added demographics, followed by socioeconomic factors, then general health variables, then comorbidities, and finally fracture risk factors.
RESULTS
The characteristics of the participants are shown in Table 1 . Approximately half were ≥65 years old; 30-50% of individuals had a BMI≥30 kg/m 2 . Five percent of African-American men and nine percent of African-American women reported prior fracture since age 50. These proportions were two-fold greater among Caucasians. The prevalence of current smoking was 11-19%, and 2-3% of participants were using systemic glucocorticoids. Between 9 and 19% of participants reported at least one fall in the previous 6 months. Approximately 7-8% of participants had at least mild cognitive impairment (not shown). Table 2 describes FRAX-estimated 10-year hip fracture risk, stratified by race, sex, and age. FRAX effectively risk-stratified Caucasian women ages 65-75 across a wide distribution of fracture risk; in contrast, almost all Caucasian women age 75- n/a = Not applicable *Participants aged >90 years were considered 90 for the purpose of the fracture risk calculation †A unit of alcohol is defined as a standard glass of beer or a medium-sized glass of wine **Numbers do not sum to total since 23 persons were taking more than one of these medications 84 were identified as having hip fracture risk >3% (considered high risk by NOF recommendations). For African Americans, FRAX classified almost all of them as being at lower risk (hip fracture risk <3%) until they reached age 75 or older. Table 3 describes the proportion of individuals taking osteoporosis medications, stratified by race, sex, and fracture risk. Although some cell sizes were small, for all demographic groups except African-American men, FRAX-estimated fracture risk was significantly associated with the use of osteoporosis therapies. However, even for the highest risk group (Caucasian women with ≥10% hip fracture risk), only 26% were receiving prescription osteoporosis medications. Table 4 describes the relationship between receipt of osteoporosis medications and age, sex, and race, controlling for FRAX-estimated hip fracture risk. As shown, FRAX hip fracture risk was significantly associated with receipt of osteoporosis therapies. However, African Americans were significantly less likely than Caucasians to receive osteoporosis medication, even after adjusting for hip fracture risk. Men were significantly less likely to be treated compared to women. Figure 1 shows the results from the unadjusted logistic model and the incremental models that incorporated additional factors. None of these factors had a major effect on the relationship between receipt of osteoporosis medications and race. The result from the fully adjusted model showed that African Americans were significantly less likely (OR=0.44, 95% CI 0.37-0.53) to receive osteoporosis medications compared to Caucasians.
DISCUSSION
The principal findings from this large, population-based study demonstrate that African Americans were substantially less likely to receive prescription osteoporosis medications than Caucasians, even after adjusting for socioeconomic factors and clinical risk factors for fracture. Men were also significantly less likely to be treated compared with women. Although this finding has been observed previously in selected high-risk Hip fracture risk estimates were computed using the WHO FRAX tool with body mass index (http://shef.ac.uk/FRAX) *Proportions are computed within each race/sex/age strata; the sum of the proportions within each race/sex/age strata may total more than 100% due to rounding **Fewer than ten people were represented in this cell; proportions may not be stable groups (e.g., patients with prior fracture), disparities research has previously not been able to assess primary and secondary osteoporosis prevention in large community settings very well given that osteoporosis treatment recommendations related to fracture risk estimated using only clinical risk factors have heretofore not been available. Our approach also demonstrates the feasibility and impact of using FRAX with BMI to assess fracture risk of a large population as a mechanism for riskstratifying patients. These results might be used as the first step in a two-step approach to identify persons at higher fracture risk on the basis of clinical risk factors; these individuals would therefore be more efficiently targeted for additional osteoporosis evaluation, including DXA testing. Indeed, we have recently demonstrated in a small cohort of 324 high-risk patients that FRAX without BMD provides a sensitive screening test, and the second step (incorporating DXA data) enhances specificity 24 . Our results are consistent with prior literature in more geographically restricted settings demonstrating that African Americans are less likely to be screened or treated for osteoporosis. One study evaluated 275 women participating in a family medicine research network in North Carolina and found that Caucasians were two-to five-fold more likely than African Americans to receive osteoporosis-related counseling, bone-density testing, calcium, or bisphosphonates, even after adjusting for age, weight, fracture, and family history 25 . These findings were similar to another study conducted among 8,909 older women in Alabama that found that African Americans were 0.4-fold as likely as Caucasians to receive BMD testing or osteoporosis medications, even after controlling for weight, income, insurance, glucocorticoid use, and prior fracture 26 . Consistent observations have been found in more selected populations, such as persons with prior fracture or long-term glucocorticoid users [27] [28] [29] [30] [31] . Although the reasons for undertreatment are likely varied, lack of uniformity in osteoporosis screening guidelines 32 and interpretation of BMD results for non-Caucasians 33-35 may contribute to the problem. Physicians also may be aware of the well-established data showing that on average, African Americans are at lower risk for osteoporosis than Caucasians. It is possible that they may generalize this data even to high-risk African Americans and fail to appropriately assess and manage osteoporosis for these individuals. Risk stratification using FRAX with clinical risk factors may help combat this misperception.
Other strategies for population-based risk assessment included the Fracture Index by Black et. al. 13 and more simple screening instruments such as the Osteoporosis Screening Tool (OST) 36 . The Fracture Index assesses six clinical risk factors for fracture, and the OST requires only age and weight. Neither of these tools requires knowledge of BMD. However, results from these tools in multi-ethnic populations are of uncertain validity since their derivation and validation did not include African Americans, nor have they been rigorously assessed in this racial group since. Moreover, there are no widely agreed upon treatment recommendations promulgated based upon the results of these tools. FRAX overcomes these limitations and provides race-specific fracture risk estimates, and the 2008 NOF recommendations define high-risk individuals by setting treatment thresholds based upon FRAX. Given that most older persons have not undergone BMD testing, FRAX with BMI could be used as a case finding method to identify persons at higher fracture risk to allocate limited osteoporosis resources (e.g., BMD testing or an osteoporosis quality improvement intervention). However, the usefulness of FRAX with clinical risk factors to risk-stratify patients appears highly dependent on age. Based upon the distributions of FRAX-estimated fracture risk shown in Table 2 , this approach would be most useful for Caucasian women at ages 55-75 and Caucasian men ages 65-75. It would not be very useful for African Americans until they reached age ≥75 because at younger ages, most of them would be considered by FRAX to be at low risk. The strengths of our study include the diverse geographic representation of Americans participating in this large cohort study, with intentional oversampling of African Americans. Additionally, osteoporosis risk assessment has received limited study in a large geographically diverse population of African Americans. Indeed, although the National Health and Nutrition Evaluation Survey evaluated BMD among older persons, these data provide estimates only for 640 African-American women and 598 African-American men. Moreover, BMD data appear somewhat less informative among African Americans. A report from the Study of Osteoporotic Fractures showed that the relationship between hip BMD and fracture risk was largely explained by clinical risk factors, including BMI 37, 38 .
Regardless, most older persons in the US have not undergone DXA testing 10 , so risk assessment at a population level cannot require BMD results.
Limitations of our study include lack of information regarding some of the secondary causes of osteoporosis [e.g., rheumatoid arthritis (RA), malnutrition] represented in FRAX. This would have the effect of underestimating fracture risk for persons with these conditions. Thus, the distribution of risk based upon clinical factors shown in Table 2 is somewhat low. However, these conditions are relatively uncommon in the US; RA, for example, affects only 1% of adults 39 . Moreover, it is likely that this type of information gap is common to a number of population-based data sources that may be missing one or a few of the less common FRAX risk factors, but this should not meaningfully prohibit use of FRAX as a mechanism to riskstratify individuals within a population or health-care system. Additionally, we recognize that only selected risk factors for fracture were evaluated, and other conditions (e.g., Parkinson's disease) were not evaluated. Importantly, though, extraskeletal risk factors, including those that contribute to falls, may not be amenable to treatment with osteoporosis medications, which is why they were not included in FRAX. We also recognize that the cross-sectional design of the study limits us from knowing whether some individuals started osteoporosis therapies but did not tolerate them, could not afford them, or were not adherent. Likewise, we did not know which persons had previously undergone BMD testing and were not considered in need of osteoporosis treatment. Finally, although REGARDS is a population-based cohort, it is not necessarily representative of the entire US population. This would not affect internal validity, but could affect generalizability.
In conclusion, we found for persons older than age 75, more than three-quarters of Caucasian men and more than one-half of African-American women were suspected to be at high enough osteoporosis risk on the basis of clinical factors to warrant further evaluation and could be considered candidates for prescription osteoporosis medications. However, even for the highest risk Caucasian women, only 26% were receiving osteoporosis therapies. The simple risk factors in FRAX can be used to identify high-risk individuals, even in the absence of a BMD measurement. While this surveillance could occur at a population level and may help ameliorate disparities in osteoporosis management, clinicians also could systematically apply the FRAX tool within their own practice using health information technology systems to identify patients at high risk for fracture.
